Abstract Although mobile health (mHealth) technologies have shown promise in improving clinical care in resourcelimited settings (RLS), they are infrequently brought to scale. One limitation to the success of many mHealth interventions is inattention to end-user acceptability, which is an important predictor of technology adoption. We conducted in-depth interviews with 43 people living with HIV in rural Uganda who had participated in a clinical trial of a short messaging system (SMS)-based intervention designed to prompt return to clinic after an abnormal laboratory test. Interviews focused on established features of technology acceptance models, including perceived ease of use and perceived usefulness, and included open-ended questions to gain insight into unexplored issues related to the intervention's acceptability. We used conventional (inductive) and direct content analysis to derive categories describing use behaviors and acceptability. Interviews guided development of a proposed conceptual framework, the technology acceptance model for resource-limited settings (TAM-RLS). This framework incorporates both classic technology acceptance model categories as well as novel factors affecting use in this setting. Participants described how SMS message language, phone characteristics, and experience with similar technologies contributed to the system's ease of use. Perceived usefulness was shaped by the perception that the system led to augmented HIV care services and improved access to social support from family and colleagues. Emergent themes specifically related to mHealth acceptance among PLWH in Uganda included (1) the importance of confidentiality, disclosure, and stigma, and (2) the barriers and facilitators downstream from the intervention that impacted achievement of the system's target outcome. The TAM-RLS is a proposed model of mHealth technology acceptance based upon enduser experiences in rural Uganda. Although the proposed model requires validation, the TAM-RLS may serve as a useful tool to guide design and implementation of mHealth interventions.
Introduction
As of 2015, there were an estimated 685 million cellular phone subscriptions on the African continent, the equivalent of approximately three phones for every four residents [1] . A rapid increase in access to mobile phones in resource-limited settings (RLS) has been accompanied by the proliferation of research and clinical programs leveraging mobile technologies to address structural barriers to & Mark J. Siedner msiedner@mgh.harvard.edu; msiedner@partners.org healthcare delivery [2] . Many of these programs have focused on people living with HIV (PLWH) [3] . Despite this growing body of work, most mobile health (mHealth) programs in RLS do not move beyond the pilot testing phase [4] . Inattention to the attitudes and behaviors related to technology use has been an impediment to device acceptance and scalability [4] [5] [6] [7] [8] . There remains a relative lack of evidence about predictors of mHealth acceptance among end-users in RLS, and particularly about how acceptance and use behaviors affect implementation of novel mHealth technologies. Several theories of technology acceptance have been developed to explain intention to use novel technologies in the developed world [9] [10] [11] . The Technology Acceptance Model (TAM) [12, 13] , a behavioral model of end-user acceptance of new technologies, serves as a foundational conceptual framework for those who design and deploy new technology. It posits that perceived usefulness and perceived ease of use of a technology predict the intention to use technology, which subsequently correlates with its actual use [12, [14] [15] [16] [17] (Fig. 1 ). Subsequent iterations of TAM models have incorporated additional factors such as social norms and technology experience [18, 19] . More recent models, focusing primarily on consumer technologies, have added price, habit, and hedonistic motivation, as well as age and gender, as factors affecting behavioral intention and use [20, 21] .
TAM and its subsequent iterations were designed and evaluated to assess technologies in the developed world, particularly among computer users in the work place [22] . Although these models have been employed to understand mHealth acceptability and guide technology development among PLWH [23, 24] , they do not focus on the unique social, cultural and behavioral factors specific to low-literacy populations in RLS, such as resistance to new technologies [25] and limited familiarity with electronic devices [26] . Furthermore, despite an abundance of literature evaluating efficacy of mHealth for HIV care in research settings [27] , existing technology acceptance models were not designed to account for the social factors related to HIV and other stigmatized disease states that are often the target of novel mHealth interventions in RLS [3, 27, 28] . Consequently, there is an important need to better define the behavioral frameworks that describe contributions to technology acceptance, in order to optimize design and implementation of efficacious mHealth interventions in RLS. Here, we present results from a qualitative study conducted to evaluate the acceptance of an mHealth intervention targeting HIV patients in rural Uganda. Our over-arching objective was to propose a novel conceptual framework for technology acceptance for mHealth applications targeted to low-literacy populations in RLS.
Although not yet validated, we hope that our framework will enable future studies intent on corroborating this model and serve as a guide for deployment of similar technologies.
Methods
We conducted a post-intervention qualitative study among rural Ugandan PLWH. All participants had enrolled in and completed a study of a laboratory notification program that informed them of low CD4 count results via short message service (SMS) [29, 30] . We conducted in-depth interviews with study participants to gain an account of their experiences with the SMS intervention.
Study Setting and Parent Study
The parent study has been described previously in detail [31] (NCT01579214). In brief, participants were recruited from the Immune Suppression Syndrome (ISS) clinic at Mbarara Regional Referral Hospital in southwestern Uganda, located approximately 275 km from Kampala. The clinic serves people living with HIV in a region comprised predominantly of rural-dwelling pastoralists and subsistence farmers with limited formal education. Clinicians referred patients for enrollment into the intervention study if they were undergoing CD4 count testing, for which a low result could trigger antiretroviral therapy (ART) initiation or a change in therapy. Eligible Fig. 1 Original TAM proposed by Venkatesh and Davis [13] participants were required to have access to a cellular phone.
Participants with low CD4 counts received SMS messages to request return to clinic for clinical care and, if appropriate, ART initiation. Designs of the SMS system's components were based on feedback from a prior mHealth acceptability survey study of patients at the ISS clinic [29] . Participants received one of three message types: (1) a direct message requesting return to clinic (''This is an important message from your doctor. You had an abnormal test result. You should return to clinic as soon as possible.''), (2) a PIN-protected message requiring entry of a participant-selected 4-digit code to access the same message as above, and (3) a coded message (''ABCDEFG''), which was explained to participants at enrollment as indicating an abnormal test result. No message included HIVrelated nomenclature. At enrollment, study staff informed participants of the clinic phone number and gave them a written copy of the PIN they had chosen. The consent process also involved an explanation of the SMS system, but no specific SMS-related training (e.g. how to open an SMS message) was done. Participants who received notification of abnormal laboratory results and who returned to the clinic within seven days of their first message received a transportation stipend of 15,000 Ugandan Shillings (approximately $6 USD).
The study was designed as a longitudinal cohort study, with intervention efficacy measured by comparing outcomes between pre-and post-intervention observation periods. During the intervention period, participants had significantly decreased time to clinic return (33 vs. 6 days [p \ 0.001]) and, among those eligible for treatment, decreased time to ART initiation (47 vs. 12 days [p \ 0.001]) [31] .
Study Population
For this qualitative interview study, we recruited a total of 43 participants who had participated in the parent study and were sent an SMS after an abnormal laboratory result. We purposefully sampled participants to equally represent males and females, and to represent those who did and did not return to clinic within seven days of an SMS message, to comprise four balanced groups of:
1. Male, returned within seven days of SMS 2. Male, did not return within seven days of SMS 3. Female, returned within seven days of SMS 4. Female, did not return within seven days of SMS We randomly selected participants in the parent study meeting one of these criteria to be invited to participate in qualitative interviews.
Data Collection
Participants were interviewed between June 2014 and March 2015. We collected data on basic demographics and cell phone use, and conducted semi-structured interviews. The interview guide was developed to elicit experiences related to the SMS intervention, including opinions of the SMS intervention and how it affected relationships with family, friends and healthcare providers. The interviews also incorporated concepts from the original TAM: perceived ease of use and perceived usefulness (i.e. impact of the intervention on health). Two Ugandan interviewers trained in qualitative research methods (IA and EM) conducted all interviews in Runyankole (the first language of most inhabitants of Mbarara). Interviews were audiorecorded. Recorded interviews were translated into English and transcribed independently by two translators fluent in English and Runyankole, then compared for fidelity. All discrepancies in back-translations were resolved through collective review by both translators and the study principal investigator.
Data Analysis
Our primary objectives in analysis of the interviews were to answer the following questions:
• How can the TAM be adapted to reflect the unique circumstances of low-literacy populations of PLWH in Sub-Saharan Africa? • What novel factors, not included in classic technology acceptance models, are important for understanding acceptance of novel mobile health interventions in this population?
Analysis began with review and discussion of nine interviews by five researchers (MJS, JIC, IA, EM, and BB) to identify relevant content. This review informed development and iterative refinement of a codebook, identification of illustrative quotes, and creation of code definitions. We used both conventional (inductive) and directed content analysis approaches to develop codes [32] . Codes sought to capture key experiences and attitudes in participants' stories of SMS message receipt and return to clinic. First, using a deductive approach, codes were devised to capture data on existing concepts from the TAM, including ''ease of use'' and ''perceived usefulness'' of the SMS system. Second, we used an inductive approach to capture additional concepts, using a line-by-line review of transcripts to derive additional codes. The codebook was imported into NVivo version 11. Two researchers (MJS and JIC) coded interviews. Twenty percent of interviews were coded by both researchers to establish inter-rater AIDS Behav (2017) 21:3129-3140 3131 reliability; discrepancies in coding were discussed to reach consensus. Overall unweighted kappa was 0.49. Next, coded text was reviewed to identify recurrent patterns, which were organized as themes. Using existing concepts from the TAM, two broad categories were preidentified (''perceived usefulness'' and ''perceived ease of use''). In anticipation of the importance of pragmatic factors linking technology use to desired outcome, a third category-''facilitators and barriers to efficacy''-was loosely adopted at the outset from a later iteration of the TAM [10] . An additional factor-''technology use''-was based on the TAM concept of ''behavioral intention''. These categories were used to organize themes that were identified in interviews. Themes not fitting into these predefined categories were organized into ''emergent'' categories. Category definitions are presented in Table 1 . The process of theme development and categorization was iterative.
Results

Demographics
Demographic and technology-experience data are presented in Table 2 . Median age was 31. Sixty percent of participants had a primary education, approximately one in four were not able to fully read a sentence, and 35% shared their phone with others. Of those who shared a phone with others, approximately one quarter had disclosed their HIV serostatus to others with whom they shared their phone.
Overview of Qualitative Findings
We developed a revised version of the TAM, entitled TAM-RLS, which is presented in Fig. 2 . In this section we describe the primary elements of this framework and how interviews motivated both the familiar and novel constructs included within it. Classic and novel definitions of key terms in the TAM-RLS are presented in Table 1 .
Ease of Use
Ease of use, which is a principal factor in classical technology acceptance models, was a recurrent theme in participants' experiences with the SMS intervention. We identified three features of the SMS program related to ease of use: (a) SMS message characteristics; (b) cellular phone characteristics; and (c) technology literacy.
SMS Message Characteristics
Language of the SMS was a key characteristic of the SMS message affecting ease of use. One participant noted that an inability to read Runyankole made the system difficult to use, and that messages in English or Kiswahili would have made the message content easier to access. Another participant described illiteracy as inhibiting ease of use of the system:
We talked about you sending me a message the last time I saw you, but I don't know how to read. So if at all you sent the message I didn't see it…I know about the message but I didn't read it. -Female #1, age 40. Everything was easy for me because you had educated me about the study and the messaging system; how it works and everything about it. So it was easy for me to enter my PIN code and access my message, read and understand it. -Male #3, age 45.
However, this instruction was not always sufficient to overcome lack of experience or comfort with technology:
I don't know how to receive cell phone messages and I also don't know how to read. So I am not sure whether the message was sent or not. So, if you sent the message I didn't see it. -Female #1, age 40.
Similarly, familiarity with the SMS sender ID, which participants were given at the time of enrollment, helped them recognize the clinic as the sender, and primed them for its content.
Perceived Usefulness
Although perceived usefulness is a principal component of most technology acceptance models, participants in our study described factors affecting perceived usefulness that deviated from classical models. Salient aspects of perceived usefulness in our study population focused on the system's ability to improve linkage to and the quality of clinical care, as well as how the system facilitated social support. Participants also described how the intervention could lead to ''exceptional experiences'', which were characterized by strong emotional reactions or significant behavior changes in response to the message.
Linkage to and Quality of Care
The messaging system was perceived to facilitate return to clinic, and, once the participant had arrived, to improve the timeliness and quality of care. For many participants, the content of the message was useful in that it conveyed the need to return to clinic with enough urgency to prompt action:
For instance, if the message is saying that ''your results are bad: return to the clinic quickly'', that person will know how important it is for them to return and seek care as early as possible instead of waiting for their clinic appointment dates. -Male #4, age 25.
Some participants, however, noted that more specific content would have improved the usefulness of the system:
The other thing I didn't like about the system is that it does not tell you exactly what your results are. They just tell you that they are good or bad but they don't tell you what test was performed and the details of the results. -Male #5, age 49.
Participants also described a feeling of privileged status in the clinic after receiving a message, through decreased wait times, completion of appointments earlier than scheduled return dates, and quick initiation of ART:
That is what was simple for me, because when I came they quickly put me on drugs. But had it not been for the message they would not have quickly put me on drugs. -Female #2, age 23.
This typically occurred because the message served as a proxy for illness severity, allowing participants to alert providers to the need for changes in clinical management of participants' HIV disease, and/or by facilitating personal relationships at the clinic:
I: Is there any other change it can bring in the way you deal with the doctors? R: …You may send me a message and I prepare myself or even here at the clinic, when I come you already know my sickness. Like if I come at 8:00AM, you help me to go through the process much faster because you know my sickness. -Male #6, age 28. I: Tell me the whole experience around the hospital. R: The message told me, ''Your CD4 Count is low; you should come back to the clinic very quickly.'' When I came back the doctor asked me, ''Why have you come earlier than you were supposed to?'' I answered him: ''They sent me a message telling me to come back to the clinic.'' So he asked me again, ''Who sent you the message?'' I also answered him, ''It is [the study's research assistant]''. So when he saw my forms and saw the CD4 count he quickly gave me the drug. -Male #1, age 40.
Access to Social Support
Participants leveraged the SMS system to engage social support and mitigate barriers to clinical care. Both emotional and instrumental forms of support were described. The SMS system was used to engage emotional support when, for example, a participant would show the message to a family member to foster trust:
I think telling them about the [SMS] system may even strengthen our relationship because it would mean that I trust them and that I want them to know what is happening with my health…I have no problem with them reading messages from my doctor and I think sharing information about my health would make them happy. -Male #7, age 32.
Similarly, the messaging system was perceived to indicate emotional support from healthcare providers, particularly in that it showed that providers ''cared'' about participants:
I: What else did the message mean to you? R: It meant that doctors care about the patients since they endeavored to send the message and let me know what was happening with my health. -Male #8, age 27.
Just as it did for clinic providers, the SMS system also vouched for participants' illness to family and co-workers, providing them with confirmation of illness severity: You see, for example when I enrolled into the study, I told my boss about it and about the messaging system. So when I received the message, I showed it to him and he immediately gave me permission to return to the clinic because the message was proof that I wasn't giving an excuse to miss work. -Male #7, age 32.
After helping participants demonstrate that they needed to return to clinic, the message allowed participants to access instrumental support from friends, family, and coworkers, which was particularly valuable for overcoming transportation cost barriers to returning to care. Several participants described using the SMS message to mobilize instrumental support in the form of loans or donations for transport funds.
R: [The SMS message] gives me a chance to tell my boss early enough that on such and such a day I will be going to the clinic. This also helps him to look for my transport money early enough. Even let us say that I am at home with my family, this also helps me to tell them to start looking for money to cater for my clinic visit because they know about my health condition. -Male #7, age 32.
''Exceptional Experiences''
Additionally, the system created ''exceptional experiences'', which were characterized by strong emotional responses to the message and reports of substantial behavior changes after the message was received.
Anecdotes frequently included of a sense of anxiety after receiving the message: I: How did you feel after receiving and reading the message? R: Personally I felt a little scared. I began wondering what could be the problem and why they wanted me return to the clinic as soon as possible. Could it be that my condition was worrying? Was it the drugs making me sicker or was it something else? I was full of a lot of thoughts and I was very anxious. I felt something wasn't right and that is why I decided to return to the clinic and find out what could be the problem. I: Why were you scared and anxious? R: I was anxious because for all the time I had spent getting care at the clinic I had never received any message from the doctor telling me to return to the clinic. -Male #7, age 32.
This anxiety created the sense of urgency that prompted participants to return to care, as described above. Although many participants recalled what the message meant (low CD4 count and need to start ART), others did not, and for them, anxiety after receiving the message often created a desire to learn about changes in their health.
A few participants described receipt of the message as an epiphany or pivotal moment that resulted in changes in adherence behavior or interactions with family and friends: I: Did the message bring any change between you and your wife? R: We got to love each other more. I: How so? R: (laughs) You know you reach a time and you are like: ''[I] am sick after all. Why can't I keep on sleeping around?'' You start looking around for women. I got settled to the point that she can be away for a month and it can't cross my mind to go for other women. She goes to the village, plants her gardens, and we keep communicating on the phone, I send her money to take care of the child after that she returns and then goes back to weed the gardens. And this change of heart started with the message.
I: How did the messaging system do that? R: This message made me wake up and I got focused again, got rid of wicked thoughts. I: Would you share with me some of those ''wicked'' thoughts? R: All I would think was to womanize and my wife was no longer beautiful. But from the time I settled, I appreciate her and I never think of going to other women. -Male #9, age 28. 
Confidentiality and Disclosure
Interviews demonstrated how the highly stigmatized nature of HIV infection created unique considerations for technology acceptance frameworks for mHealth applications. Considerations of confidentiality related to the SMS message content and system were a pervasive theme in the interviews. Participants discussed features of the system that protected confidentiality, such as using coded messages or requiring a PIN to access the message. Whereas the majority of participants who reported sharing their cell phone also reported that they had not disclosed their HIV status to that person, most participants had their own cellular phone, which facilitated maintenance of confidentiality. Moreover, prior disclosure of HIV serostatus affected participants' concern about disclosure. Conversely, for some participants, prior disclosure mitigated the importance of confidentiality, and enabled engagement with social support:
The only person I talk to about [the SMS system] is my mother, so that just in case I needed some money, she can help me with some to bring me [to the clinic], because there is nothing I can hide from her. -Female #3, age 27.
External Facilitators and Barriers to Target Outcome
Most mHealth interventions are designed to achieve a targeted health outcome. A prevalent theme in many interviews was the many barriers and facilitators to the targeted outcome in this study (return to clinic for initiation of ART), which were external to the SMS messaging system. These factors were typically downstream of the SMS system. For example, denial of illness or treatment refusal could prevent return even when technologic aspects of the intervention were successful:
And there are other people with different beliefs from us. They may say, ''I am feeling well and the machine has also lied to me.'' So there are also people like that. -Female #4, age 29.
Structural barriers, most notably transportation costs, also thwarted the intervention. Frequently, participants described scenarios in which they had been accustomed to budgeting sufficient funds for a single clinic visit every several months. Yet, the SMS system requested an earlier than usual return:
I had just come back from this side [i.e. from clinic] two days back. I went to Kampala and the message came when the money was done. -Female #5, age 30.
Participants also reported that the clinic was not always prepared to receive them on non-scheduled dates, stemming from insufficient coordination between the SMS program and clinic staff. Some described situations when they returned to clinic but were not seen:
I: What happened when you returned to the clinic? R: When I reached at the clinic I talked to you the study staff…I then went back home. I did not see the clinician because it was a Wednesday and the clinic was closed. -Male #8, age 27.
Conversely, research assistants provided unintentional benefits to participants. Study staff served the role of de facto case managers, helping participants navigate issues related to technology use and clinic return:
I tried to read it but I failed to find it but I remembered you had told me that you were going to send me messages. So I pressed the numbers you had given me but nothing happened. Then I decided to call you and you then told me to come. So when you told me to come the following day, I acknowledged the responsibility and boarded a car and came the following day. -Female #6, age 23.
Discussion
In this qualitative, post-intervention study, we have identified, described and defined key factors related to acceptance of patient-centered, mobile health technologies for low-literacy users in RLS. Our results build on classic technology acceptance models, which have prioritized perceived ease of use and perceived usefulness of technologies. To these, we add novel factors, such as confidentiality, that are of particular importance for interventions targeted at HIV and other stigmatized conditions, as well as barriers and facilitators downstream from mHealth interventions, such as transportation challenges, which broadly impact interventions' effectiveness. Taken together, these factors delineate the TAM-RLS, a framework for understanding the acceptability of mHealth interventions among low literacy, HIV-positive populations in RLS (Fig. 2) . Although this study did not validate this framework, the modifications to the TAM arising from our qualitative data have face validity, and our framework may serve as the basis for future validation studies.
Prior iterations of the TAM to describe acceptability of health care-related technologies, including technologies specifically designed for HIV/AIDS care [33, 34] , have focused heavily on the user interface and smart phonebased systems. Brown and colleagues used the Health IT Usability Evaluation Model (Health-ITUEM) to explain acceptability of cell phones employed to access health information and support health-related applications among adolescents in the US [35] . They found that participants' information needs, the system's performance speed, and the ability of the system to help users complete tasks were the most frequently referenced concepts describing acceptability. Mohamed and colleagues developed the Mobile Technology Acceptance Model (MoHTAM), basing their model on technology attitudes among individuals with high levels of education in the United Kingdom and the United Arab Emirates [36] . They found that perceived usefulness of mHealth services more significantly predicted intention to use the system than did perceived ease of use. Device design and interface significantly affected acceptability. However, neither of these models specifically addresses acceptability of technology in low-literacy or resource limited settings, nor did these studies consider end-user characteristics that are particularly relevant to individuals living with HIV, such as internalized stigma and access to social support.
Our results indicate that concerns related to confidentiality may influence PLWHs' use of mHealth interventions, corroborating prior research that has found that relationships between confidentiality and mHealth acceptability in RLS [37, 38] . In addition, our results may be related to trends towards increasing stigma among PLWH in our study setting [39] . Participants' internalized stigma, as well as prior disclosure to others who might also access their SMS messages, seemed to mediate concerns about the system's perceived threat to confidentiality. On one hand, participants valued the system because it could shield their HIV status from spouses, friends, and co-workers. On the other, participants appreciated the system precisely because it gave them a channel to access support from their social network by attesting to their illness, thereby facilitating requests for time off from work and/or loans to cover the cost of transportation.
The relationship we identified between confidentiality and technology use underscores the need to critically evaluate message characteristics, and how they might endanger end-users [40] . Guarding against disclosure requires consideration of stigma and phone sharing habits. Conversely, social support has been demonstrated to be a critical feature of effective engagement with HIV care [41, 42] . Enabling self-selecting constituents to harness mHealth technologies to engage social networks should remain a priority whenever possible. Literature from the developed world has also identified privacy and confidentiality as key contributors to mHealth acceptability among PLWH. However, whereas our participants' concerns typically centered on potential disclosure at the user interface (e.g. a spouse seeing an SMS message), concerns in the developed world have been described regarding ''backend'' security of data transmission and storage [23, 43] . While there is overlap about breeches of privacy and confidentiality, the manner in which these concerns manifest in RLS and resource-rich settings appears to be qualitatively different, potentially arising from disparate levels of technology experience and cultural attitudes towards novel cellular technologies.
Our data also highlight the powerful role that structural and social factors downstream from the SMS played in achieving the target outcome-in this case, returning to clinic for expedited care and initiating ART. One of the commonest factors cited by study participants was the requirement for funds for transportation to clinic, a finding that is in concert with a large body of evidence related to HIV care in RLS [44] [45] [46] [47] . Although the SMS system exposed resource-related challenges to returning to clinic after a recent visit, the SMS itself also often facilitated negotiation of transportation refunds and/or time away from other responsibilities to get to clinic. Additionally, we identified a number of clinic-related barriers to successfully returning for ART-initiation after receiving an SMS, such as the clinic's limited capacity to absorb unscheduled visits, echoing previous findings from similar settings [48] .
Because we were primarily interested in understanding how acceptance and use of the technology led to clinic return and ART initiation, we introduced ''target outcome'' as the endpoint of our model, similar to some prior technology adoption and success models [49, 50] . This endpoint contrasts with classic technology acceptance models, which typically use either ''behavioral intention to use'' or ''actual use'' of the technology as endpoints, but do not consider outcome of technology use. However, we found that barriers and facilitators downstream from desired use of the technology may substantially impact the effectiveness of even highly acceptable technologies. We therefore argue that they warrant inclusion in the TAM-RLS, and deserve consideration when developing and deploying similar mHealth technologies. Notably, we exclude ''behavioral intention to use'' from our framework. Historically, the behavioral intention concept was used because it was easier to measure than actual use of a technology [9] . However, in our study, because participants were interviewed after an experience with the intervention, they largely described actual use as opposed to intention to use. The distinction between intention to use an SMS and actual use in our study was largely limited to instances in which someone did not open a message she had received.
To put the exclusion of behavioral intention in context, prior technology acceptance research has found that behavioral intention is less important in predicting use when use is highly likely at the outset (as was the case in our study) [51] . In our model, both upstream (literacy, technology experience) and downstream (structural barriers) factors that might disentangle behavioral intention from actual use are accounted for elsewhere in the conceptual framework.
One particular threat to mHealth evaluation and scale-up is the loss of funding and ancillary support, which is often made available only through research or pilot funding mechanisms. In our study, interviewees often described experiences in which research assistants, who were supported by the study and who were not clinic staff members, acted as de facto case managers. Research staff were frequently called to help participants arrange clinic visits, facilitate navigation through clinic, and explain the meaning of messages to confused participants. These additional paid staff appeared to contribute to program success. Others have similarly reported that research staff in HIV trials often prioritize participant wellbeing over the discrete obligations of their roles [52] . As such, failing to account for the contributions of personnel and support systems provided during intervention evaluation stages could threaten the effectiveness health technology scale-up in RLS. It could also partially account for the low rate of scale of successful pilot programs.
At present, most published data on mHealth interventions deployed in RLS targeting PLWH have described SMS-based systems. However, as more sophisticated (e.g. smart phone-based) cellular technologies become increasingly available, interventions may become more app-or internet-based, as they have in resource-rich settings [53] . Research on acceptability of app-based interventions in resource-rich settings suggests that broad concepts related to mHealth acceptability that we describe in our framework, such as concerns about privacy, may continue to be relevant as mHealth technology in RLS advances [43, 54, 55] . Nonetheless, as new mHealth technologies gain penetrance in RLS, a critical re-evaluation of our framework will be necessary to incorporate unevaluated cultural attitudes related to newer technologies, as well as the unique social milieus into which these technologies will be introduced.
Our study had several limitations. First, we investigated beliefs about use of a single intervention, among a single, purposefully selected group of individuals, in a single setting. Second, we did not undertake a quantitative assessment of predictors of intention to use the system during the study. Instead, by employing a qualitative approach to understanding acceptance of the SMS system, we were able to uncover emergent contributors to technology use in this setting, and develop a rich understanding of participants' experience with the technology and how this influenced their decision to respond to the intervention. Nevertheless, our results do not allow us to formally define components of these experiences as ''predictive'' of actual use, or of target outcome. Third, although we attempted to make participants feel comfortable expressing both positive and negative attitudes towards the SMS system during interviews, social desirability bias might have affected our findings.
In summary, we conducted a qualitative study of attitudes surrounding use of a novel SMS-based intervention to notify Ugandan HIV patients of lab values requiring ART initiation, with the goal of understanding factors related to acceptability of mHealth interventions in lowliteracy RLS. The TAM-RLS outlines key considerations for researchers, public health practitioners, and clinicians planning to develop and deploy health-oriented mHealth interventions in RLS. Our framework has particular relevance for populations in RLS, but also includes key considerations for PLWH and other stigmatized conditions regardless of geographic or economic setting. It includes several themes that are additions to the classic TAM. Specifically, we include confidentiality as a contributor to mHealth acceptance, and posit that its effects are mediated by prior disclosure and internalized stigma. We also propose a novel endpoint of technology acceptance-target outcome achievement-which extends the standard definition of acceptance to include functional use. Doing so permits the model to attend to factors downstream from technology use, such as structural barriers, clinic caseloads, and Hawthorne effects (i.e., changing behavior through observation) of evaluation programs. By leveraging ubiquitous cellular networks and related technologies, myriad mHealth technologies continue to be developed to address many of the most intractable health problems in the developing world. An accurate understanding of user-centered factors affecting acceptability of these technologies will be central to scaling them and ensuring their sustained use.
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